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Reply 

To: Hon. Commissioner, Patent Office 

1 . Indication of the International Application 
PCT/JP2004/0 16325 

2. Applicant 

Name: OPTICAL COMB INSTITUTE, INC 

Address: Tokyo Institute of Technology Incubation Center, 

1-381, Ishikawacho, Oota-ku, 

TOKYO 145-0061 JAPAN 
Nationality: JAPAN 

3. Agent 

Name: (6773) Patent Attorney KOIKE Akira 

Address: 11th Floor, Yamato Seimei Bldg., 1-7, Uchisaiwai-cho 

l^chome, Chiyoda-ku, TOKYO 100-0011 JAPAN 

4. Date of Notification 22. 02. 2005 

5 . Contents of Reply 

5-1 In an opinion dated 22.02.2005, the Examiner expressed an opinion that the 
claims 4 to 7 and the claims 9 to 12 do not meet the unity of the invention. 
Specifically, the following has been pointed out: "It may be recognized that the 
common matter of the inventions pertaining to claims 1 to 12 resides in 'including 
oscillation means oscillating a modulating signal of a preset frequency and 
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modulating means for phase-modulating the light by the modulating signal.' 

"However, this common matter is described in for example JP8-166610A 
and publicly known, so that the common matter cannot be recognized to be a 
technical feature contributing to the prior art. 

"It is recognized that the 'special technical feature' of claims 4 to 7 resides in 
a 'optical frequency comb generator including means for reflecting the modulating 
signal', while the 'special technical feature' of claims 9 to 12 resides in 'an optical 
modulator including separating means for separating in dependence upon the 
direction of light polarization and polarization control means for controlling the 
directions of polarization of light components, obtained on separation, to the same 
direction of polarization'. Since these inventions are not technically related such as 
to contain one or more of the same or corresponding special technical feature, the 
inventions are not recognized to be related such as to form a sole general inventive 
concept." 

In the above opinion, the Examiner also cited 
Publication 1: JP8-166610A 
Publication 2: JP11-182858A 
Publication 3: JP2003-228033A 
Publication 4: JP5-323265A 
Publication 5: JP7-159820A 
Publication 6: JP2002-156669A 
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and expressed an opinion, in connection with the present application, that claims 
1-3 and 8 lack in novelty, while claims 1-12 lack in inventive step. 

Specifically, the Examiner pointed out: 'The inventions stated in claims 1 to 
3 and 8 lack in inventive step from the Publication 1 cited in the international 
search report. The inventions stated in claims 1 to 3 and 8 have already been 
disclosed in Publication 1*. 

The Examiner also pointed out: 'The inventions stated in claims 4-5 lack in 
inventive step from Publications 1 and 2 cited in the international search report. 
Those skilled in the art may readily apply to the invention of Publication 1 the 
method for adjusting the timing of the applied electrical signal described in 
Publication 2.' 

The Examiner also pointed out: 'the inventions stated in claims 6-7 lack in 
inventive step from Publications 1 and 3 cited in the international search report. 
Those skilled in the art may readily apply to the invention of Publication 1 the 
configuration of reflection by the free end as stated in Publication 3.' 

Moreover, the Examiner pointed out: 'The inventions stated in claims 9-12 
lack in inventive step from Publication 1 cited in the international search report. 
The configuration of separating the polarized wave for eliminating the polarization 
dependency to cause the light of a sole polarized wave to fall on a device is 
welUcnown from the Publications 4 to 6. Those skilled in the art may readily apply 
the above known technique to the invention of Publication 1. 
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5-2 Hence, the Applicant submits an amendment with the present reply to correct 
the specification and the claims to clarify the difference of the present application 
from the technique disclosed in the Publications 1-6. 

That is, the optical frequency comb generator according to claim 1 of the 
present application comprises oscillation means for oscillating a modulating signal 
of a preset frequency, resonator means composed of a light incident side reflecting 
mirror and a light exiting side reflecting mirror, parallel to the light incident side 
reflecting mirror, and configured for propagating light incident via the light 
incident side reflecting mirror in the outward path direction or in the backward path 
direction for causing the resonant state of the incident light, and optical modulating 
means arranged between the light incident side reflecting mirror and the light 
exiting side reflecting mirror, for phase-modulating the light resonant in the 
resonator means responsive to the modulating signal supplied from the oscillation 
means, for generating a plurality of sidebands spaced apart from one another by an 
interval corresponding to the frequency of the modulating signals, with the 
frequency of the incident light as center. The optical modulating means includes at 
least a light waveguide path, formed on a substrate exhibiting an electro-optical 
effect, and an electrode formed on the light waveguide path for propagating the 
modulating signal, oscillated by the oscillation means, in the outward path direction 
or in the backward path direction. The modulating signal propagated in the outward 
path direction phase-modulates the light propagated in the outward path direction 
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and the modulating signal propagated in the backward path direction 
phase-modulates the light propagated in the backward path direction. 

The optical modulator according to claim 8 of the present application 
comprises oscillation means for oscillating a modulating signal of a preset 
frequency, light propagating means for propagating the light incident on one end 
face thereof in the outward path direction or in the backward path direction, and 
optical modulating means arranged between the end faces for phase-modulating the 
propagated light in dependence upon the modulating signal supplied from the 
oscillation means. The optical modulating means includes at least a light waveguide 
path, formed on a substrate exhibiting an electro-optical effect, and an electrode 
formed on the light waveguide path for propagating the modulating signal, 
oscillated by the oscillation means, in the outward path direction or in the backward 
path direction. The modulating signal propagated in the outward path direction 
phase-modulates the light propagated in the outward path direction and the 
modulating signal propagated in the backward path direction phase-modulates the 
light propagated in the backward path direction. 

For accomplishing the above object, the optical modulator according to 
claim 13 of the present application comprises oscillation means for oscillating a 
modulating signal of a preset frequency, light propagating means for propagating 
the light incident on one end face thereof in the outward path direction or in the 
backward path direction, light reflecting means including at least one reflecting 
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mirror provided on a light path inclusive of the light propagating means, the light 
reflecting means returning the light propagated from the light incident side in the 
light path direction to the light incident side, and optical modulating means 
arranged between the light incident side and the reflecting mirror and adapted for 
phase^nodulating the propagated light depending on the modulating signal 
supplied from the oscillation means. The optical modulating means includes at least 
a light waveguide path, formed on a substrate exhibiting an electro-optical effect, 
and an electrode formed on the light waveguide path for propagating the 
modulating signal, oscillated by the oscillation means, in the outward path direction 
or in the backward path direction. The modulating signal propagated in the outward 
path direction phase-modulates the light propagated in the outward path direction 
and the modulating signal propagated in the backward path direction 
phase^nodulates the light propagated in the backward path direction. 

With the optical frequency comb generator and the optical modulator, phase 
modulation may be applied not only to the light propagated through the waveguide 
path in the outward path direction but also in the backward path direction, thereby 
increasing the modulation efficiency. 

The optical modulator according to claim 9 of the present application 
comprises separating means for separating the incident light depending on the 
directions of polarization, polarized light control means for controlling the 
directions of polarization of light components, obtained on separation to the same 
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direction, oscillation means for oscillating a modulating signal of a preset 
frequency, light propagating means for propagating the light incident on one end 
face thereof in the outward path direction or in the backward path direction, and 
optical modulating means arranged between the end faces for phase-modulating the 
propagated light in dependence upon the modulating signal supplied from the 
oscillating means. The optical modulating means includes at least a light waveguide 
path, formed on a substrate exhibiting an electro-optical effect, and an electrode 
formed on the light waveguide path for propagating the modulating signal, 
oscillated by the oscillation means, in the outward path direction or in the backward 
path direction. The modulating signal propagated in the outward path direction 
phase-modulates the light propagated in the outward path direction and the 
modulating signal propagated in the backward path direction phase-modulates the 
light propagated in the backward path direction. 

The optical modulator according to claim 1 1 of the present application 
comprises separating means for separating the incident light depending on the 
directions of polarization, polarized light control means for controlling the 
directions of polarization of light components obtained on separation, to the same 
direction of polarization, oscillation means for oscillating a modulating signal of a 
preset frequency, resonator means made up of reflecting mirrors placed parallel to 
each other, and configured for propagating light incident at respective different 
angles from the polarization control means via one of the reflecting mirrors in the 
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outward path direction or in the backward path direction for causing the resonant 
state, and optical modulating means for phase-modulating the light caused to be 
resonant in the resonance means, responsive to the modulating signal supplied from 
the oscillation means. The optical modulating means includes at least a light 
waveguide path, formed on a substrate exhibiting an electro-optical effect, and an 
electrode formed on the light waveguide path for propagating the modulating signal, 
oscillated by the oscillation means, in the outward path direction or in the backward 
path direction. The modulating signal propagated in the outward path direction 
phase-modulates the light propagated in the outward path direction and the 
modulating signal propagated in the backward path direction phase-modulates the 
light propagated in the backward path direction. 

With the optical modulator, in case the refractive index or the modulation 
efficiency of a material forming light propagation means is strongly dependent on a 
particular direction of polarization, the directions of polarization of light 
components, obtained on separation by the light separating means, may be 
controlled to the same direction of polarization. Moreover, since the phase 
modulation may be applied not only to light propagated in the outward path 
direction, but also to the backward path direction, the modulation efficiency may be 
improved, so that the phase modulation may be carried out to high efficiency 
without dependency on what polarized light component is contained in the input 
light. 
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That is, restriction has been made, concerning the common matter of the 
invention pertaining to the claims 1-13 of the present application, to the fact that 
the optical modulating means includes at least a light waveguide path, formed on a 
substrate exhibiting the electro-optical effect, and an electrode formed on the light 
waveguide path for propagating the modulating signal, oscillated by the oscillation 
means, in the outward path direction or in the backward path direction, and that the 
modulating signal propagated in the outward path direction phase-modulates the 
light propagated in the outward path direction, while the modulating signal 
propagated in the backward path direction phase-modulates the light propagated in 
the backward path direction. 

5-3. In contradistinction from the present invention, described above, the optical 
comb generator shown in Publication 1 is a routine progressive wave type 
modulator for modulating the light proceeding in the outward path direction by a 
modulating signal proceeding in the outward path direction. The modulator shown 
in the new claim 1 is a reciprocating type modulator in which light propagated in 
the outward path direction is modulated by a modulating signal propagated in the 
outward path direction and in which the light propagated in the backward path 
direction is modulated by a modulating signal propagated in the outward path 
direction. Hence, the modulator differs from the progressive wave type modulator 
shown in Publication 1 . 

The method for adjusting the timing of an applied electrical signal, disclosed 
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in Publication 2, modulates the light, propagated in the outward path direction, with 
an electrical signal synthesized from the electrical signal propagated in the outward 
path direction and the electrical signal propagated in the backward path direction. 
Thus, the method cannot be applied to the optical frequency comb generator which 
modulates light propagated in the outward path direction only with the electrical 
signal propagated in the outward path direction and which modulates light 
propagated in the backward path direction only with the electrical signal 
propagated in the backward path direction. The two modulation systems are totally 
different from each other because the proceeding direction of light modulated by 
the electrical signal propagated in the backward path direction in Publication 2 is 
directly opposite to that in the present invention. 

In the invention of claims 1 to 13 of the present application, phase 
modulation in the optical modulating means, as common matter, may be applied 
not only to light propagated through the waveguide path in the outward path 
direction but also to light propagated therethrough in the backward path direction, 
thus increasing the modulation efficiency. The configuration and the function of the 
optical modulating means, as common matter, have a unique technical feature 
innate to the present application. 

The Publications 1-6 fail to disclose or even suggest the configuration and 
function of optical modulating means, as a technical feature of the present 
application, that is, the fact that the optical modulating means includes at least a 
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light waveguide path, formed on a substrate exhibiting electro-optical effect, and an 
electrode formed on the light waveguide path for propagating the modulating signal, 
oscillated by the oscillation means, in the outward path direction or in the backward 
path direction, and that the modulating signal propagated in the outward path 
direction phase-modulates the light propagated in the outward path direction and 
the modulating signal propagated in the backward path direction phase-modulates 
the light propagated in the backward path direction. 

It is believed that the inventions of claims 1-13 of the present application, 
described above, satisfy the requirement for unity of the invention. 

It is also believed that the inventions of claims 1-13 of the present 
application have the configuration and the operation as well as effect peculiar to the 
present application and exhibit novelty and inventive step. 



